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CEKIIUA 1. DPUSMKO-MATEMATUYECKUE HAYKHA

O CIIEKTPE OIIEPATOPA JIAIIVIACA-BEJIBTPAMHA
HA IBYXMEPHOU CO®EPE

Ammnazynoe A.H.

aCCHCTEHT KaeIpbl MaTeMaTHKU

bamkupckoro rocy1apcTBEHHOTO arpapHOTO YHUBEPCUTETA,
Poccus, 1. Ya

B cratbe wuccnenyrorcs CBOMCTBAa pPe30JbBEHTHI BO3MYILEHHOro omeparopa Jlamnaca-
Benprpamu Ha nByXMepHOU cdepe, IS U4ero AOKa3bIBAETCsS BO3MOXKHOCTH MEPEUTH K paccMoTpe-
HUIO U3HAYaJIbHO 00Jiee IPOCTOro ONepaTopa, Ybu COOCTBEHHBIE (PYHKIIMU XOPOILO UCCIICAOBAHBI.

Knrouesvie cnosa: onepatop Jlamnaca-bensTpamu, pe3oabBeHTa, BO3MYIIICHHBIN OMEpaTop.

B nactosme pabote npou3BoauTcs u3yyeHue oneparopa Jlamnaca-bensrpamu
L,, onpenensieMoro mo gopmyiie:

Lou:_;i(sinea—uj L ~— ()
sind 06 060 ) sin 6?8

U ero Bosmymienus L=L,+V B L?(S°), rme V — omeparop YMHOKEHUS Ha

GYHKIHO V() -

[Ipexxne acumnToTHKA crieKTpa B opMyJia CIICIOB TaHHBIX ONEPaTOPOB M3yda-
JUCh B Pa3IMYHBIX TpyJax, mpudeM (GopMya ciiegoB Obljla MOJydeHa IMPH YCIOBUHU
v(w) € C*(S?)(cM., marmpumep, [1]). JanbHeiimee ocnadiaenue TpebOBaHMI HA BO3MY-
nieHue V(w) CBs3aHO ¢ Oosiee MOApPOOHBIM 3HAHMEM CBOMCTB siApa R,(®,,,Z) HEBO3-

MYIIEHHOW PE30JIbBEHTHI R, (Z) = (L, —2)™*, KOTOPBIC MbI U HAMEPEHBI H3YIHUTh.
N3BecTHO, uTO simpo R (a),a) ,A) paBHO
o (2n+1)P (cosa)

Ro(@. /1)_47z'n0 n(n+1)-1 @

T¢ ¢ - Yroj MEeKIy BEKTOpaMu @, € s2, Pn (X) - monunom Jlexanapa, HOp-

2n+1
41

HaJIBbHOTO IPOEKTOpa Py, MpoeKkTupyromero Ha coOCTBEHHOE MOANPOCTPAHCTBO, CO-

mupoBanHblil ycnosuem Pp(D) =1, a P (w,@,) =——=P,(cosa) ects siapo oproro-

OTBETCTBYIOIEE COOCTBEHHOMY uuciay An =n(n+1). KpatHocts A paBHa 2n+1.

C apyroit cTopoHbl, U3BECTHO (CM., Hampumep, [2], ¢.66-71), uTo mocneaoBa-
TEIHHOCTH

f (@) =+n+1/2+sinaP,(cosa), N=01,.. (3)




o0pa3yeT OpTOHOPMHUPOBAHHBIN 0a3UC COOCTBEHHBIX (YYHKIIUNA OOBIKHOBEHHOTO

nuddepenuuanshoro oneparopa M B L2[0, 7], noposkaenHoro audhepeHiuaisHbm
BBIPAKEHHEM
S T A
da? 4sin’a
¥ HyJIeBBHIMH TPAaHHYHBIMU YCIOBHAMH B Toukax =0 W o =7 , npuueMm
f(@) ectb coberBennas Gynkuus oneparopa M , COOTBETCTBYIONIAs COOCTBEHHOMY

ancny p =(n+1/ 2)2.
Tak uro, cormacko (3), smpo G(a,@,,Z) WHHTErpambHOTO —omepaTopa

G(z)=(M —2)™* npencrapnsercs B Bue

= f(@)f (o) ¢ (n+1/2)sinafsin e, P, (cosa)P, (cosa,)

Gla.ct..2) = 5

(@.ap.2)= 2 n-z 5 (n+1/2)2—2 )
IHonoxxum

Mana,,7)=—2t  G(a,ay,7) (6)

Jsinasina,

Torna u3 (5) cinenyer, 4To

_ = (n+1/2)P (cosa) _1p (2n+1)P (cosa)
F(oz,O,Z)—E0 1127 25n(n+D)—(2=174) (7)

CpaBauBas (2) u (7) Mexnay co0oil, Mbl BUJIUM, YTO €CIU TOJCTaBUTH B

1
I'(a,a,,Z) 3nauenus oy, = 0 u z = A + —, TO IOJIYUHUBIIAICI BEJIMYMHA OYIET COBIIA-
0 0 2

1 )
natb ¢ R (w,@,,A) ¢ TOUHOCTBIO 10 MHOXHTEJIS pot VYuurteiBasg BCE BBIIIECKA3aHHOE,

MBI TIPUXOJIUM K CIEAYIOIIEMY YTBEPKIACHUIO.
Jlemma 1.

s ecex w,m. €S u Aein(n+1)h=g 20po R (w,@.,A) npedcmasnaemcs &
0 n=0 0
guoe

R, (,@,,A) =%F(a,0,ﬂ,+1/4) (8)

Takum obpasom, u3 paseHCTB (6)-(8) BuaHO, uTO spo R (@, @,, 1) Moxer

OBITH MPEJCTABICHO TMOCPEACTBOM PEIICHUN OOBIKHOBEHHOTO ud(epeHInanIbsHOTO
ypaBHEHUS

u'+

- u+zu=0 (9)
4sin® o
na untepsane (0,7)

Bravanme 3amernm, 4YTo Ha 1poMexyTke (0,7/2] CHOpPaBeMIMBO PAaBEHCTBO

1 1
4sinZa 4 0@, 10)




rie g(a) eC®@|0,7/2]. U3 (3)-(10) BEITeKaeT, 4TO THHEHHO HE3ABUCHMEIE pPe-
IeHUsI ypaBHEHHUs (9) MOKHO MTOCTPOUTH C MTOMOIIBIO PEIICHUN YpaBHEHHS

1
V'+—v+2zv=0 (11
4or® (1)

B kadecTBe TUHEHHO HE3aBHCHMBIX PEIICHUN «HEBO3MYIIIEHHOTO» ypaBHEHUS
(11) BozpmeM pyHK1IUM (CM. [2])

0 0
ul(a, 7)= \/EJO(\/EQ),UZ(CZ, 7)= \/EYO (Vza), (12)
rae J, u Y, - COOTBETCTBEHHO, (yHKIMM beccens mepBoro u BTOpOro poja,

argz| <z —0,0>0- ckonb yrogHo Manoe pUKCHPOBAHHOE YUCIIO. XOPOIIO H3BECTHO,

4YTO BPOHCKHAH

0 0 0 0s 0’ 0
W (uz,uz2) =ui(er, z)uz2(er, z) —Us(er, ) u2(er, z) =1 (13)
Tenepp B KauecTBE JUHEUMHO HE3aBHCHUMBIX pEIICHUI ypaBHEeHHs (9) Ha Mpo-
mexytke (0,7/2] paccMoTpum perieHns: HeOTHOPOAHBIX BOJIBTEPPOBBIX YPaBHEHUI

, (e2) =3k(a,z)+z’g(a,t, 2)q(Mu, (t,2)dt , (14)

0 0 0 0

rae g(a,t,z) =ui(a, z)uz(t,z) —ui(t, 2)uz(e, z) (15)

B urtore MbI cBenu mpoliiecc U3ydeHus CBOMCTB sijpa K CBOMCTB (DYHKIIHIA, BBI-
paxaromuxcs yepe3 GyHkuu beccens, ybM CBOWCTBA JOCTATOYHO XOPOIIIO U3yUCHBI.
HOHy‘{eHHBIﬁ nepexoz[ ITIO3BOJIACT HAM 3HAQUHUTCIIBHO ynpOCTI/ITB pemeHHe Hn3Ha4YaJlb-
HO TOCTaBJICHHOW 3ajaud, 0 4eM OyJeT Mmoapo0Hee paccKa3aHO B MOCIETYIONTUX

paborax.

Cnmcox aureparypsl
1. Cagoanunii B.A., ®azymmun 3.10. Qud. yp-a. 2011. T. 37, Ne 3. C. 402-409.
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AHAJIN3 ®YHKIIMOHAJIOB, 3AJAHHBIX
HA BBIBOPKAX U3 HECTAIIMOHAPHOTI'O BPEMEHHOI'O PAJTA

Deoopos CJL
acriupanT BerancnurensHoro Lentpa uM. A.A. Jlopoauuisina PAH,
Poccus, r. MockBa

[TpennoxeH MeToA reHepaluy Mydka TPAacKTOPUI HECTALMOHAPHOTO BPEMEHHOIO psiia A
pelieHrs ONTHUMM3AIlMOHHOM 3a/ladll CTOXacTHYecKoro ympasieHus. Vccienyercs mMakcuMHU3anus
dyHKLIMOHANA, 3a]JaHHOTO Ha (hparMeHTe cly4yaiiHoil TpaekTopuu. B kauecTBe npumepa paccMOTpeH
(GyHKIIMOHAT J0XOJHOCTU OJHOM TOpProBoil cucremMsl. [lokazaHo, 4yTo onTUMH3anUs QyHKIHOHANA
Ha 0OJIBIION UCTOPUYECKOI TPaeKTOPUH HE JaeT (aKTUUIECKOro ONTUMyMa B OyAyIEeM, B OTJINYHE
OT TECTUPOBaHM (PYHKIMOHAJIA HA ITyYKEe TPACKTOPUH.



Kniouesvie cnosa: HecTallMOHAPHBIA BPEMEHHOH psiji, BBIOOpOYHAsE (DYHKLMS pacHpereseHHs,
MMY4YOK TPACKTOPUI.

Bo MHOrumx 3ajmayax NpHUKIAJAHOIO CTaTUCTUYECKOIO aHAIM3a CYLIECTBYET
HEOOXOAUMOCTh TECTUPOBAHUS TE€X WJIM MHBIX MHAMKATOPOB JIOKAJIBHOTO MOBEICHUS
BPEMEHHOI'O psifia C IIEJIbI0 OLEHKH BEPOSITHOCTU MX NPABUIBHOTO CpaOaThIBAHUA.
NHankaTopsl MpencTaBisaioT co00i (pyHKIHMOHANBI OT (parMEHTOB TPACKTOPUU CIIy-
gaiiHOro mnpouecca. IIpumepsl MHIAMKAaTOPOB: OTHOIICHHWE YHMCIJIA IOJOKUTEIBHBIX
IPUPOCTOB 3HAYEHUIN BPEMEHHOI'O psAJla K YKMCIy OTPHULATEIBHBIX 3a ONPEICICHHBIN
NEepHUOJ BPEMEHH; YTI0BOM KOA(PUIIUEHT NPSMOM perpeccuu Al BBIOOPKH 3aJaHHON
JUTMHBI; PACCTOSTHUE MEXKIY BBIOOPOYHBIMH IJIOTHOCTSIMH (YHKIUU pacHpeeeHUs
psila B TOW WJIM MHOM HOPME, NUCIEPCUS HAKOIUIEHHOTO pa3maxa 3a ONpEeAeICHHBIN
NEePUOJ U T.I.

YTOoOBl OLICHUTH SMIIUPUYECKYIO YCIOBHYIO BEPOSTHOCTH TOTO, UYTO OIpeJe-
JIEHHBII MHTEPBAJl 3HAYECHUUW WHIMKATOpPAa OTBEYAET OKHUIAEMOMY HCCIENOBATEIEM
MOBEJEHUIO PsAJia B HACTOSALIEM WM OyAyIlEeM, HY>KHO UMETh MHOTO pealn3alfil u3y-
4aeMoro IMpolecca, Torja Kak B HaJMYUKM MMEETCs JIMIIb OJHa (DaKTHUECKU HaOIIIo-
neHHast TpaekTopus. Ha mpaktuke Oepercs (parMeHT TpaeKTOpUH, KOTOPBIM Mpen-
CTaBJIIETCA JIOCTATOYHO OOJIBIIUM, U Ha HEM coOupaercs Tpedyemas craructuka. Ho
€CJIM BPEMEHHOM psii HECTallMOHAPHBIH, TO, HAIIpUMEpP, ONTUMU3ALMS JUIMHBI BEIOOP-
KU JUISI TIOJTYYeHUs] MUHUMAaJIbHOM OLIMOKM MHIMKATOpPa 10 HEKOTOPOMY (PparMeHTy
MPOLUION TPAEKTOPUH HE UMEET 0COOOT0 CMBICIIA, TOCKOJIbKY ONTUMYM HCKAJICS IS
KOHKPETHOTO (pparMeHTa TpaeKTOpUM ciiydailHoro mporecca. [lpu npyroi nmocnieno-
BaTEJIbHOCTH TEX )K€ CAMBIX 3HAYEHUN BPEMEHHOrO psa BO3ZMOXKEH MHOW Pe3ysbTatr
onTUMHU3aury. Bo3HUKaeT 3a7aya TECTUPOBAHMS MHJMKATOpa Ha YCTOMYMBOCTH OT-
HOCHUTEJIBHO Pa3IMYHBIX pean3aluil Cay4yailHOTO Mpoliecca, UMEIOUIEro OJIM3KKUe Bbl-
O0opouHble pacrpeaenenus. Jjig 3Toro Tpedyercs CreHeprupoBaTh My4YOK BO3ZMOMXKHBIX
TPAEKTOPHUI BPEMEHHOrO psijia, UCXOMAIIMN W3 33JaHHOTO TEKYIIEro COCTOSHHUS, W
IPOBEPUTH Ha HEM YCTOMUMBOCTh CpabaThIBaHUSI MHAUKATOPA.

Jljis cTaliMoHapHOTrOo Inpoliecca Habop TPAeKTOPU MOXKET OBbITh MOJIYYEH, €CIIU
u3BecTHa ero Gyukuus pacnpenenenus (OP) F(x), koropas npeamnonaraeTcst Herpe-

peiBHOM. CHavana TeHepupyeTcs TPOU3BOJIBHASA MOCIENOBATENFHOCTh YHCET {Y) |,
paBHOMEpHO pactipeaeneHHbix Ha [0;1], mocie yero o ¢popmyiie

v =FOu) x =F Hyx) (1)

HaXOJATCS AJIEMEHTHI psija {Xk}, MPECTABIIAIONIETO 3HAYCHUS M3y4aeMOU Cilydai-

HOW BEJIMYUHBI ¢ 3a7aHHON DP.
DTOT e MOJIX0]] MOXKHO MMPUMEHUTH M B TOM Cllydae, €clid TeHepaibHasi COBO-
KynmHOCTh F(X) He W3BeCTHa, a OIEHHWBAETCS MO HAOIIOAEMOMY BPEMEHHOMY PSITY.

bynem paccmatpuBath cinydaiinble BennuuHbl Ha otpeske [0;1]. Pazo6seM 3ToT oTpe-
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30K Ha M KJIACCOBBIX MHTEPBAJIOB M ONPEACIUM SMIUPUYECKHE YACTOTHI
f,(k), k=1+m nonagaHus B HUX 3HAYEHUI CIy4alHON BEIMYUHBI IO BBIOOpKE 3a-

JAHHOM IyuHBI N. JlJIg ONpeaesieHHOCTH MPEAIONI0XKUM, YTO BHYTPH KJIaCCOBBIX MH-
TEpBAJIOB PACIpPEACIICHHE PaBHOMEPHO. Toraa 1mo 3TUM BEPOSITHOCTSIM CTPOUTCS He-
npepsiBHas BeIOOpouHas GpyHkius pacnpenenenus (BOP), kotopas numeer Bug
i .
F. () =(mx—i)f, (i +1) + 3 £, (K), Xe[i;ﬂ}, i—0+m—1.(2)
k=1 m m

Ecnu xe pacnpeneneHue HECTAIMOHAPHO, TO T€HEPAJIbHON COBOKYITHOCTH KaK
TaKOBOW HET — B CMBICIIE CXOAUMOCTH K Heii BOP npu yBennyeHun JyMHBI BBIOOPKH.
[Ipensaraemelii B paboTe METOJ TE€HEpalUW HECTALMOHAPHOTO BPEMEHHOIO psnia
ONMUpaeTCs Ha MOJAEIMPOBAaHUE BHIOOPOYHON (PYHKUMU pacHpeleseHuss TPUPOCTOB
3HAYEHUH psiia B KaXIbli MOMEHT BPEMEHH, KOTOpas TPAKTYETCs Kak JIOKaJlbHas Te-
HepaJIbHAsl COBOKYITHOCTb.

PaccmaTtpuBaeTcs MCXOIHBIM BpeMeHHOHN psan &(t) u cocraBisieTcss psija Mpu-

pameHuin
2(t)=S(t+1) -4, (3)

KOTOpbIN HOpMmupyercs Ha oTpe3ok [0;1]. TlomyuuBmuecs yucia o0o3HavaroTCs Ja-
nee kak X(t):

xty=""W=Zmin_ t_15 N ()

Zmax - Zmin

[Tocne storo Bech umeromuiics maccuB W3 N JaHHBIX pa3OWBaeTCs Ha
N —2n +1 BCTBIK-BBIOOPOK JUIMHBI N. {7 KaxaoW BBIOOPKM IJIMHBI N Ha miare t
CTpouTCsl BbIOOpOYHAs IUIOTHOCTh (yHKUMU pacnpenenenus (BIIOP) f,(t,i). dns

sToro npomexyrtok [0;1] meauTcss paBHOMEPHO HAa KOJIMYECTBO M HHTEPBAJIOB, MEII-

KOCTh KOTOPBIX ONpPEAENSIETCS B COOTBETCTBUU ¢ MeToauko# [1, 2]. Yucino mpome-
KYTKOB pa3OMEHUs JIOJDKHO OBITh OMPENEICHHBIM 00pa3oM COTJIaCOBAHO C AMITUPH-
YECKUM paCIpPEACIICHUEM, TMPEACTaBIsIEMbIM B BHJE THUCTOTpaMMbl. ONTUMaIbHOE
YUCJIO KJIACCOBBIX MHTEPBAIOB OMPEESISCTCS KaK ONrpKaifiiee Ieioe K PEelIeHUI0
ypaBHEHUSI OTHOCUTEIILHO M KakK (PYHKITUH OT N:

2
m —%In 1—(1—%} =— Jn .(5)
> J(niL- f,(n,i)

i=1

JIist kakmoW cocemHel mapbl BCTHIK-BBIOOPOK OMPENETSIOTCS PACCTOSIHUS B
Hopme L1 mo dopmyre
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m(n

)
putn)= 2|, ti) ~ f,(t—n,i). (6)
i-1

Jlnst paccTostHuil (6) CTpPOUTCA COTJIACOBAHHBIM YpPOBEHb CTAallMOHAPHOCTH

(CYC), npeacraBiastomuii 0AHONAPAMETPUUECKYIO CTaTUCTUKY, 3aBUCSIIYIO OT JIJIU-
Hbl BbIOOpKH N. Ilycts G, (p) ecte BOP paccrosiauii (6) MeXIy BCTBIK-BBIOOPKaMU

el N. Torga B COOTBETCTBUM C paboTamu [2, 3] coryiacoBaHHBIM YPOBHEM CTallu-
*
OHAapHOCTH Ha3bIBaeTCs BeNUYnHA o (N), ABIAIOMIASACSA PEIICHUEM YpaBHEHUS

G, (p)=1-pl12.(7)

o *
[To nalimenHOMy 3HaueHUI0 o (N) OMpenensIeTCs MHICKC HECTallMOHAPHOCTH
J(n) ucxomaHoro BpeMeHHOTO psifa coriacHo [3]: ato otHomenue CYC k TeopeTuye-

CKOMY YPOBHIO CTallMOHAPHOTO CTaTHUCTHYEeCKOro 1ryma. B Hopme L1 mrym onpenens-
€TCsl TOYHOCTBIO IIOCTPOEHUS TUCTOIPAMMBI, T.€. paBeH &y(N)=2/m(n), Tak 4TO UH-

JeKC HeCTAIIMOHAPHOCTHU onpeaessieTcs: popMymoi

_p (n)
J(n) = o) (8)

Pa3znbpie BII®OP 13 ogHOTO M TOTrO € CTALMOHAPHOTO PA/la OTIMYAKOTCSA OJHA
oT Jpyroil Ha BenuuuHy 2/m(N) c BepoATHOCTHIO 1/M(N) B COOTBETCTBHM C

ONTUMAJIbHBIM pa3z0ueHueM rucrorpammel. [loatomy eciu J(N) <1, psin cuutaetcs
cTanMoHapHbIM, a ecnu J(N) >1, To psan HecranmoHapHsbli. J[muHa BHIOOpPKM T, Ha

KOTOPOU IJIOTHOCTH paclpeeseHus, TOCTPOCHHbIE B COCEAHUX OKHAX, pa3anyaroTcs
CUJIBHEE BCET0, HA3bIBAETCSI OCHOBHOW NIMHOM HECTAIMOHAPHOCTH psiga. UMeHHo 1is
BHIOOPOK TakMX [UIMH W CTaBUTCA 3ajaya »HBOJIOLMH  COOTBETCTBYIOIIETO
BBIOOPOYHOTO pacipe/ieTICHusI.

[Tycts B kaxkablii MOMeHT BpeMeHH t €[ty +1;tg +T] no BbiOopke mmuHbL T,

OTCYMTAHHOM Ha3aJ OT MOMeHTa BpeMeHu t, nocrpoensl BIIOP fy (X,t) u coorser-
creytonie BOP Fy (X,t) mo ¢opmyne (2). Ecim B kaxablii MOMEHT t >ty crenepu-
poBarb N 3HaueHM cilydyallHOM BelIMYUHBI, pacupeneneHHoil ¢ BOP Fy (x,t), To

nonyunM N TpaekTopuid HECTAllMOHAPHOM clydailHOMl BennuuHbl, T.€. N peanuza-
1[I BBIOOPKHU U3 BPEMEHHOIO psAlia Ha mpoMexyTke [ty +1tg +T]. Hayanbnas Touka

IJI BCEX 3TUX peanu3anuil obmas — 310 X(tg). 3agaBasi paziauuHble PABHOMEPHO
pacIpeneaeHHbIE PAbI {yk } j» Tae J=1...,N ectb HOMEp reHepanuu, MOXKHO TOIY-
YUTh MMy4YOK TPAEKTOPHi, accormupoBanHbix ¢ BIIOP Tekymux BoIOOpOK. B Kaxkabiii

MOMEHT BPEMEHH OJIHA U3 BO3MOKHBIX TPAEKTOPUI CIIy4allHOTO mpoliecca, AJisi KOTO-
poro BII®P mensercsa or HaganbHol fy (X,tg) no koneuynon fr(X,ty+T), Moxenu-

pyercs o gopmysie oOpareHus: COOTBETCTBYIONIEH JIOKATbHON MO BpeMEHU (PyHK-
MW pacTpeIeTICHUs, TBIKYIIEHCS B CKOJIB3SIIIIEM OKHE JITTUHBI | :
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Vi = Fr (X, to + k), k=12,...T.(9)

[TomuepkHeMm, uTo, cornacHo (9), B KaXKblil MOMEHT BpeMeHH ty =ty + K rexe-
pUpyeTcs TOJIBKO OJHO 3HA4Y€HHUE psiaa u3 pacnpenenenus Fr(X,tg). Ora meronuka
ObLIIa TIpeIoKeHa B padote [4].

Kaxnas w3 TpaekTopuil ITydka MOpOKZaeT Ha orpeske [tg +1;tg+T] BIIDP

FT ({y}j;xtg +T), onmunyro, Boobuie roBopsi, or HabmoxaerHo# fr(X,tg +T). Lo

COBOKYITHOCTH CI€HEPUPOBAHHBIX TPACKTOPUII MOKHO OLIEHWTh, HACKOJBKO 3HAYMMO
OTKJIOHEHUE 3TUX pacnpezeneHuii B Hopme L1 ogHO oT apyroro u ot ¢akTuueckoi
BII®P fy (X,tg +T). [IpeanonoxurensHo Bce 3TU BBIOOPOYHBIE TPACKTOPHHU SIBIISIOTCS
peann3aysiMi HEKOTOPOTO HEM3BECTHOTO HECTALIMOHAPHOIO PACIPEIEICHHS BEPOSTHO-
cTeil. MonenupoBaHue psja KOPPEKTHO, €CIU TPaeKTOpuu OO0Jalal0T CBOMCTBAMU:
a) CYC nonapHbIX pacCTOSHUM MEXIy CreHEpUPOBAaHHBIMU BBIOOpPKAaMH MPUOIU3U-
tensHO paBeH 2/M(T); 6) CYC momapHBIX pacCTOSIHUN MEXIYy CTeHEPHPOBAHHOW H

(axtuueckon BII®P fy (X,tg+T) B okHe [ty +1Lty+T] Taxke npuMepHO paBeH
2/m(T); B) CYC paccTossHuil MEXIly Cr€HEpUpPOBaHHOW M (HaKTUUECKOH HCXOAHOMN
BII®OP fy (X,tg) npumepHo paBeH paccrosHuto mexay fr (X,tg+T) n f1(Xtg).

B paGote [3] onrcaHHbI METOJ MPUMEHSIICA IJIsl pAJla PUPOCTOB LIEH 3aKPhI-

TUS 5-MUHYTHBIX HHTEpBaJIoB A uHAekca RTS. Jlys maHHOTO psima OCHOBHAS JIMHA
HectarmonapHoctu pasHa T =8000, a ypoBens myma s Hee paBeH &,(T)=0,045.

[Ipu TecTUpOBaHUM OKAa3ajOCh, YTO COIJIACOBAHHOE PACCTOSIHUE MEXAY CTEeHEPUPO-
BaHHBIMH PACIIPECIICHUSIMH 110 BBIOOPKaM JUITMHBI | Ha nmpoMmexyTke [tg +1,tg +T],

*
paBHO p =0,093, yTo GM3KO K BesmuMHE 2&;. Takoi e BeJIMYMHE PaBHO U COIJIA-

COBAaHHOE pACCTOSHUE MEXJy CreHEpUPOBaHHBIMH BBIOOpKAMU U  (PaKTUUYECKU
HaOmonenHon BII®OP fr(X,tg+T). Paccrosune mexnay (pakTmdecKMMH pacrpene-

JIEHUSIMM, Pa3JeI€HHBIMA BPEMEHHBIM IIPOMEKYTKOM UIMHBI | , B JTaHHOM CIy4ae
paBHO P, = 0,152. Oroii ke BennunHe paBeH 1 CYC MexIy HCXOIHOW U CrEeHEPH-

poBaHHOU BbIOOpKaMu. 3aMeTuM, 4T0 CYC BCTBIK-BBIOOPOK BPEMEHHOTO psiia MpHU-
pamennii uaaekca PTC pasen Ha stoit nnuHe BenuunHe 0,144. [ToaToMy MOXHO cun-
TaTh, YTO SKCIIEPUMEHT I'€HEpAllMK HECTAIIMOHAPHOIO Psijia B 3a/JlaHHOM KJjlacce pac-
IpeneeHui MPOBEIEH KOPPEKTHO.

Ha crenepupoBaHHBIX TPACKTOPHUSAX MOXKHO IPOBECTH TECTUPOBAHHUE KAKOTO-
6o ynpasisoniero Gynkiuonana. [lycts Ha BEIOOpKE JUIMHBI N 33/1aH HEKOTOPBIN
dyskronan P{x(t —n +1),...,X(t)} . Obosnaumm V; 3HaucHHe (QyHKUMOHANA Ha

] -0i1 creHepupoBaHHOW TpacKTOpHH. [[Is aHamM3a €ro CTaTUCTUYCCKUX CBOMCTB
CTPOUTCS pacrpeesiCHUe CD(‘I’) U ONpPENECIAITCS CpeaHee, IUCHEPCUs, HOPMHUPO-
BAHHOE CpEeIHEE:
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Tg( PP, sy= . (10)

Oy

1
=

1J 2
T Z Oy =
T iz

3aTeM YMCIIEHHO pelIaeTcs 3a/1a4ya OThICKAaHUS MaKCHUMyMa CPEIHEro 3HAUEHUS
WJIM HOPMHUPOBAHHOI'O CPEJHErO B 3aBUCHMOCTH OT TE€X WJIM MHBIX ITApaMETPOB (€CIH
OHH €CTh), KOTOPBIMU ONpeaenseTcss GyHKIHOHAT U3 3aJaHHOTO CEMENCTRA.

[Toxakem Ha MPOCTOM MPUMEPE, YTO TECTUPOBAHKE (PYHKIIMOHAIIA, HA3bIBAEMO-
Io «IOXOJHOCTBIO TOPTOBOM CTPATETMW», HA CIy4YallHOM ITy4KE TPAaeKTOpUM, TUIINY-
HBIX Ul BBIOPAaHHOIO MHCTPYMEHTA, ropa3fo Ooyiee OTBEYAaeT peajbHOCTH, YEM Te-
CTUPOBAHME IIyCTh U HA JIOCTATOYHO JUIMHHOW, HO €IMHCTBEHHOW MCTOPUYECKOM pea-
au3anuy. PaccMOTpuM CTpaTeruio «ciaeqoBaHus 3a TPEHAOM» UIsl TOPTOBIN BHYTPH
OJTHOTO TOProBoro aHs. COOTBETCTBYIOUIMN OTPE30K 5-MUHYTHBIX JAHHBIX COCTAaBIIA-
eT OKHO B 144 touku. MozenbHas TecTupyeMasl CTpaTerusi COCTOUT B CIEAYIOIIEM.
NwMeromiasicss uCTopuyeckas TPAeKTOPHs AENUTCA Ha (pparMeHTsl JIUHOW 144 Touek.
BuyTpu kaxxaoro ¢parmenTa no BeIOOpPKE B CKOJIb3AIEM OKHE 20 TOUEK ONpeaensieT-
Cs HaJIM4YME€ WM OTCYTCTBUE TpeHaa. Ecim Tekylee COCTOSHHE ONpENeNieHO Kak
TPEHAO0BOE, TO B 3TOT MOMEHT JIENAETCS BXOJl B COOTBETCTBUM C HAIIPaBJICHUEM TPEH-
na. BeIxo1 U3 MO3UIMKU OCYILIECTBIIAETCS MO JOCTHKEHUH 33JIaHHOTO YPOBHS MPUObI-
JM — HalpuUMep, YABOEHHOW KOMHUCCHH, JIUOO MO CTOIN-CUTHAITY MUHUMU3AIUU YOBIT-
Ka, 1100 M0 OKOHYaHMH PparMeHTa. ONTUMUZHPYEMBIM MAPAMETPOM CTPATETUU SIB-
JsieTCsl ypoBeHb cTon-curHaina. CooTBETCTBYIOMIMM IpadUK JBUKEHHUS] ONTUMAIBHOM
JOXOJTHOCTU Kak (PYHKIMU BpeMeHM npuBezeH Ha puc. 1. Kak BuaHo, Takas TpuBH-
albHas CTpaTervs HE NPEJCTaBIIICT MHTEpEcAa C NMPAKTHYECKOW TOYKHM 3pPEHHUs, HO
IpUMEp HOCUT WILTIOCTPATUBHBIN XapakTep. 101 MOJ0KUTENbHBIX CACIOK B 00J1acTH
onTHUMM3aUuy napaMmerpa cocrasuia 0,5; cpenHss TOXOAHOCTh Ha MOJIOKUTEIBHYIO
caenky paBHa 0,0048, cpennuii yObITOK Ha OTpUlIaTeIbHYIO caenky paBeH — 0,0043.

0,025

0,02

-0,005

MHTerpan bHasA OXOOHOCTb
o
o
o
a

-0,01

-0,015

Howmep caoenkun

Puc. 1. I[BI/I)KCHI/IC JOXOJHOCTH B obiactu OINITUMHU3AIUHA ITapaMETpa
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Bribepem mpounsBosbHBIN (parMeHT psiaa anmuHoit 8000 u3 obnactu, rae mpo-
BOJIMJIACH ONTHUMU3AIUS, TPOTECTUPYEM Ha HEM TOPIOBYIO CHCTEMY M OMNpPEIEeIIUM
3Ha4YeHue (PyHKIMOHANA JOXOAHOCTU. B pe3ynbraTe OBbLIO MOIy4eHO pacipeaesieHue
JTOXOJHOCTH, TOKa3aHHOE Ha PUC. 2 U OTMEYCHHOE JIETEHI0H «(haKT.

0,25

0,2

0,15

B chakT

@ mMoaenb

0,1

BeposiTHOCTb

0,05 A

0,020
0,025
0,030

0,015
0,010
0,005
0,000
0,005
0,010
0,015

-0,035
0,030
0,025

-0,020

OoxogHocTb

Puc. 2. Pacnpenenenue 1oxoaHocTen

CpenHee 3HaYeHHE JOXOMHOCTH 3a 3TOT IepHoj cocraBuno E =0,0022 npu
cpenHekBaapaTHyHoM oTKIIOHeHUH o = 0,011, tak uto koaddunuent lllapna pasen

E
O

St = =0,20. B npomexyTke E + o Haxomutcs 58 Y% 0XKMAAEMBIX JOXOIHOCTEN.

B uvactHOCTH, 32 mOCIeAHUN MPOMEKYTOK ONTUMU3ALIUU 24 + 32 THIC. TOUEK TOXO/I-
HOCTbH Okazainack pasHou 0,007.

3amyCcTuUM Ternepb 3Ty ONTUMU3UPOBAHHYIO CTPATErHI0 HA HOBOM Y4acTKe, IJe
ONTUMU3AIMUA HE MPOBOAUIOCH, T.€. Ha mMpoMexyTke 32+ 40 Teic. OOHapyKUBaeM,
YTO JOXOJHOCTh CHCTeMBI Ha 3TOM ydacTke coctaBuia — 0,004. U3 pacnpenencHus
noxoaHocTu (puc. 2, «(hakT») HAXOIUM, YTO BEPOSITHOCTh COOBITHS «JIOXOJHOCThH Ha
npomexxytke 8000 e 6omee — 0,004 » cocrasmsier npubnm3utensao 0,30. YUToObI co-
CTaBUTH OOJiee peajbHOE MPEACTABICHUE O BO3MOXKHOCTSX 3TOM TOProBOM MOIENH,
creHepupyem Ha npomexyTtke 32 +40 Teic. 200 TpaekTOpui ¢ TeM ke pacrupenese-
HHUEM mpupaineHuii. Ha kaxaou U3 HUX 3alyCTUM TOPrOBYHO CUCTEMY U ONPEICIIUM
n0xX0AHOCTb. COOTBETCTBYIOIIEE PACTIPECIICHUE TaK)Ke MOKAa3aHO Ha puc. 2 (JiereHaa
«Mojienby). ITo 3ToMy pacrpesielIeHUIo cpeHsas JA0XOMHOCTh paBHa E'=-0,005, a
CPEIHEKBAIpaTUUHOE OTKJIOHEHUE paBHO o+ = 0,013, Tak uro koappunuent Hlapna

[
paBeH S; =-0,38. BeposTHOCTB TOT0, YTO JOXOAHOCTb OYAET JIEkKAaTh B IPOMEXKYTKE
E'+og, paBua 0,80. Tem caMbIM MOKa3aHO, YTO JOXOAHOCTH Ha ypoBHe — 0,004 3a
8000 mmaroB JyIsi 3TOM MOJENU BIIOJHE OOBIYHA. BEpOATHOCTH ke TOTro, 4TO JOXOJI-
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HoCTh Oyzet 6onee 0,07, okaspiBaeTcst mpumepHo paBHoi 0,10. Takoit pe3ynpTaT mo-
Jy4WiIcs BCIEICTBHE TOTO, YTO ONTUMU3AIMs ObljIa MPOBEJCHA HA OJTHOW CITydaiHOM
TPaeKTOPHH, ¥ TIapaMeTp, ONITUMAJIBHBIN I Hee, He OyJeT TaKOBBIM Ha JIH000H Apy-
roil TpPaeKTOpUU € TeM ke pacrpenenenuem. CienoBarenbHo, 601ee KOPPEKTHO TPO-
BOJUTH ONTUMH3ALIUIO i TECTUPOBAHKUE HE HA OJHOW MCTOPUYECKON pean3alny, a Ha
My4Ke TPACKTOPUI C XapaKTEpHBIM ISl JaHHOTO psijia HECTAllMOHAPHBIM pacipee-

JICHUCM.
Cnncok Jureparypbl

1. Opnos FO.H. OntumanbsHOe pazdueHre THCTOTPAaMMBI JIJIsl OIEHUBAHUS BHIOOPOYHOM TUIOT-
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CEKIIUA 2. XUMNYECKUE HAYKHU

HHEPCIIEKTUBBI IIPUMEHEHUA BETOHOB
HA OCHOBE PACHIMPAIOININX JOBABOK
B COBPEMEHHOM MOHOJIMTHOM CTPOUTEJIBCTBE

TI'puouuna A.A.
PYKOBOJUTEND CTy:k0bl MeHekMeHTa kadecTBa OO0 «CtpoitbeTony,
Poccus, r. MockBa

Tumoea JI.A.

3aB. maboparopueit Ne 7 HUNKD um. A.A. ['Bo3neBa,
KaHJI. TEXH. HaYK,

Poccus, r. MockBa

B cratbe paccmarpuBaroTcs MepCreKTUBBI MPUMEHEHHS] OETOHOB Ha OCHOBE PACHIMPSIOIINX-
cs1 100aBOK B MOHOJIMTHOM CTPOUTENbCTBE. [IpenmyiiiecTBa NpuMeHEHHs HapAraroux OETOHOB U
OETOHOB C KOMIICHCUPOBAHHON YCAJKOM U1 BO3BEJCHUS CIOKHBIX KOHCTPYKIIMM OONBIION MpPOTS-
KEHHOCTU. DPPEKTUBHOCTh MPUMEHEHHS TaKUX OCTOHOB JUIsI YACTUYHOTO WJIHM MOJHOTO MCKIIOYe-
HUS yCTPONUCTBA TUIPOUSOIISIIIIK, YTO UMEET MOJOKUTEIbHBIA YKOHOMUYECKUH dPPEKT.

Knroueswvie cnoéa: MOHOJIIMTHOE CTPOHUTCIILCTBO, PaCIUpArOIIas ,Z[O6aBKa, CaMOHAIIPSI>KCHHUC,
KOMIICHCHPOBAaHHAaA yCaJlKa, TpGHIPIHOCTOfIKOCTI:, BOAOHCTIPOHHUIAECMOCTD.

CoBpeMeHHOE CTPOUTENBCTBO CTABUT NEPE] MPOU3BOIUTENSIMU TOBAPHBIX Oe-
TOHOB PsIZT 33729 B OTHOIIICHUH KauyeCcTBa U CBOMCTB OETOHOB. B 3aBHCHMOCTH OT crie-
MU(UKA TEXHOJIOTHU CTPOUTENHCTBA MOTYT MPEABABIATHCS TPEOOBAHUS K TPEIIUHO-
CTOMKOCTH, TOBBIIIEHHOMY 3HAYE€HUIO BOJOHCIPOHHMIIAEMOCTH, 0€3yCaJ0YHOCTH H
T.4. [I[puMeHeHrne pa3TuvYHBIX XUMHUYECKUX U MUHEPAIBHBIX TOOABOK B COCTaBax Oe-
TOHA MO3BOJIAET MTPOU3BOAUTENSIM BBITYCKATh MOAUGUIIMPOBAHHBIE OETOHBI C 3aJ]aH-
HBIMH CBoOMcTBaMu. Pacmiupsitomye 100aBKU — 3TO COBPEMEHHbIE MUHEPaIbHBIC J10-
0aBKHU, MO3BOJISIONINE 00eCTIeunTh B OETOHE Ha MOPTIAHAIIEMEHTaX HE TOJIBKO BBICO-
KYIO POYHOCTh ¥ HU3KYIO TPOHUIIAEMOCTb, HO U TIOHWKEHHBIC 3HAYEHUS YCaJOUHBIX
nedopmaruii.

[TpumeHeHre GETOHOB Ha OCHOBE PACHIUPSIONIUX T00ABOK MO3BOJIUT HE TOJIHKO
UCKITIOUUTH JlehopManuu, HO U U30ekaTh 00pa3oBaHUs TPEIIMH B MPOIIECCe U3rOTOB-
JICHHS OCCIIIOBHBIX MPOTSHKEHHBIX MOHOJIMTHBIX KOHCTPYKIIUI. 3a CUET peryIupyeMoro
pacIMpeHus B MPOIIECCe TBEPACHHUS HEUTPAIU3YETCs TTPOSIBIICHUE YCAIKH M CO3/1aeTCs
B KEJIC300€TOHHON KOHCTPYKITUH TIPEIBAPUTEIHLHOE HAIPSHKCHUE BCeH HAXOAIICHCS B
HEH W pacTsITUBaeMOM MPH 3TOM (3a CUET CIECIUICHHUS ¢ OETOHOM) apMaTyphl U MOJIyde-
HUE COOCTBEHHOTO 00KaTHs (CaMOHAIpPsDKEHWs) OETOHA 03 JOTOJHUTENBHBIX Olepa-
WA 1 MCIIOJIh30BaHMS CIIEITMANBHBIX MaIlMH M 000pynoBaHus. B pesynbrate, obecrie-
YUBAETCS BOJIOHETIPOHUIIAEMOCTh M TPEITMHOCTOMKOCTh KOHCTPYKIMH. briarogapst cBo-
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€il CTpYKType Takue OETOHBI SBISIOTCS MPAKTUYECKU BOJAOHETPOHUIIAEMBIMU, 001a/1a-
IOT BBICOKOM CTOMKOCTBIO MIPU BO3JIEUCTBUU arpeCCUBHBIX CPEJl, B TOM YHCIE CYyIb(aT-
HBIX, OHM 3aMETHO MOBBIIAIOT JOJITOBEYHOCTh COOPYKEHUH.

Hampsratonue 6eTOHBI U OETOHBI C KOMIEHCUPOBAHHON yCAKOW OTIMYAIOTCS
B TIIEPBYIO OYEpelb 10 SHEPTUU caMoHanpspkenus. [IpuMenenre Takux O€TOHOB MMO3-
BOJISIET BO3BOJIUTH OECIIOBHBIE KOHCTPYKIIMU OONBIION MPOTSKEHHOCTHIO (110 500 M)
C TOBBIIIEHHON TPENIMHOCTOMKOCTBIO M BOJOHEMPOHUIIAEMOCTBIO 3a CUET pa3pado-
TaHHOH CITEIIUATILHON TEXHOJOTHU. MeXaHU3M TBEPICHUS HAIpSATAIOIIET0 OETOHA OC-
HOBaH Ha CO3/IaHMM HAIPABJIEHHOTO KPUCTAIIO00PA30BaHUS B TBEPCIOIIEM LIEMEHT-
HOM KaMHE U OOECIEUYECHHUU TeM CaMbIM PETyIHPYyeMOro o0bemMa pacuIupeHus, KOTo-
pO€ IPOUCXOJIUT B IUNIACTHYECKOM CTPYKTYype MaTepHalia, Py 3TOM B YCIOBUSX Orpa-
HUYEHUS! PAaCUIMPEHHs] Pa3BHBACTCS CAMOHAIPSIKEHUE, KOMIIEHCHUPYIOUIEE PacTATru-
Baromiee Hampspkenue [1, ¢ 171]. B koHCTpyKIusAX M3 Takoro O€ToHa MMEETCsl BO3-
MO>KHOCTb PETYJIUPOBATH IIOIIA/b TONEPEYHOIO CEYEHUS MIPU 00ECIIEUeHNHU UX J0JI-
rOBEYHOCTH, KOTOpas co37aHa OJIaronpusTHOW CTPYKTYpOM Ui HU3KOW IpOHUIlae-
MOCTH, B TOM uucie AupQy3nOHHON, UYTO MPENSATCTBYET PA3BUTHIO KOPPO3UH, Kak
camoro O€TOHa, TaKk U CTaJIbHON apMaTyphl MPU BO3IACHCTBUM Pa3IUYHBIX arpeccHB-
HbIX cpen [1, ¢ 171].

beToHBI N3roTaBiIMBarOT HA OCHOBE MOPTJIAHALUEMEHTA, CTAHJAPTHBIX 3aI0JHHU-
Telled M KOMIUIEKCHOM J100aBKU. B cocTaB KOMILJIEKCHOM J00aBKH BXOJUT MOAU(DU-
UpOBaHHAas 100aBKa, MO3BOJIAIONIAsl MOTYYaTh OCTOHBI C PETYIUPYEMOM CTENEHBIO
pacmMipeHuss W HEUTpanu3amnueil ycagouHblXx aedopmanmii. braaromapst cosmaHuio
IJIOTHOM CTPYKTYpbl OETOHBI OTJIMYAIOTCS MOBBILIEHHON BOJOHENPOHUILIAEMOCTHIO.
[Ipu BO3BEEHMU MOHOJIUTHBIX KOHCTPYKIMI MPUMEHEHHE TAKOTO O€TOHA MOXKET Ya-
CTUYHO WJIM MOJTHOCTHIO UCKIIOYUTH YCTPOMCTBO THAPOU3OJISIUH, UTO BJIEYET 3a CO-
0ol olyTUMBIA SKOHOMUYEeCcKU 3dekt. Kak mokazanu pacdersl, OTMEHA YCTpOi-
CTBa THJPOU3OISALUUU OOECIEeUMBACT CHIKEHHE CTOMMOCTH CTPOUTENbCTBA Ha
500-2500 Teicsum pyOseii Ha 1 M TUIOIIA/IH.

Takum 00pa3zoM, npUMeHEeHHEe OETOHOB HOBOT'O TMOKOJICHUS JTa€T Psii OCHOBHBIX
IIPEUMYLIECTB TAKUX KaK: IOBBIINICHHWE JOJTOBEYHOCTU KOHCTPYKLHH, COKpAILlEHUE
CPOKOB CTPOUTENBCTBA U BBO/Ia OOBEKTOB B AKCILTyaTallMIO, UCKIFOUEHUE THIPOU30Is-
IIUH, BO3MOKHOCTb MOJTy4€HUs! OECIIOBHBIX KOHCTPYKIUI OOJIBIION MPOTSKEHHOCTH.

B Hacrosiiee BpeMs UMeETCs YCIEIIHbIN ONbIT MPUMEHEHNs OETOHOB Ha OCHO-
Be pacmupsronmx no6aBok. Cramuon «Jlunamo» B Mockse, «Paznan» B Epeane,
«ITaxtakop» B Taikente, orpaxaaroue KOHCTpyKuuu oducHbiXx 3nanuii (L[B3
«Manex», oubnuorexka MI'Y, ynuna Cemenonckast, Jlepoprockuii Ban u np.) u xxu-
JeIX nomenieHuil (JIeHMHckui mpocnekT, yiauna Mansiruna, Axkanemuka [laBiosa,
I'Bapueiickas u ap.) B ropoae Mockaa.

JlaGoparopueii OOO «Ctpoitbetron» coBmecTHO ¢ Jabopartopueid Ne 7
HUWXDB um. A.A. I'Bo3neBa pazpaboTaHbl U YCIIEITHO MTPUMEHSIOTCS COCTaBbI 0ETo-
HOB C KOMIIEHCHUPOBAaHHOW YCAJKOM U Hampsrarmimux OETOHOB ISl CTPOSALIUXCA 00b-
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exToB, Takux Kak KK «Kpacku xusHm» r. Bunnoe, «/lerckuit mup» TBepckou npo-
e31 r. Mocksa, XK «130Bo» r.Mockaa.

B cooTBeTCTBMU BBICOKUMHU JKCIUTYaTAlIMOHHBIMHU XapaKTEPUCTHUKAMU OETOHOB
HOBOTO TIOKOJICHHSI CYIIECTBYET P MEPCIIEKTUBHBIX HAMPABICHUNA WX NPUMEHEHUS B
Pa3IMYHBIX O0JIACTSAX CTPOMUTENHCTBA, TAKUX KaK: IMOA3EMHBIC OTrpa)Ialoliue KOH-
CTPYKLMHU, TOHHEH, B TOM YHUCJIE METPOIIOJIUTEHOB, MOCTOBOE CTPOUTEIHCTBO, KOMOU-
HUPOBAHHBIN BapUaHT COBMECTUMOCTH PabOT CTaporo U HOBOro OETOHa i obecreye-
HUS TPEIIMHOCTOMKOCTH U OECIIOBHOCTH KOHCTPYKIUH OOJIBIION MPOTSKEHHOCTH.

Cnucok Jureparypbl
1. TuroBa JI.A. Hampsirarormmii 6eTOH — OJTHO M3 CPEICTB 0OecredeHus] HaJe:KHOCTH
koHcTpykiuid [Teker] / TutoB JILA. // 85 nmer B crpoiikomiuiekce MockBbl U Poccun KOOuneinbrit
coopruk craren. — 2013. — C. 171.

UCCJEJOBAHUE COCTABA, CTPOEHUS 1 HEKOTOPBIX CBOMCTB
KOOPAMHALIMOHHBIX COEJUHEHMI ITPONU3BOIHBIX
METPOHMJIA30JIA C KATHOHAMH FE*, CO* U NI**

Jlenuna A.B.
accucteHT Kadenpsl xumun Kypckoro rocyaapcTBeHHOTO YHUBEPCUTETA,
Poccus, r. Kypck

bozamuvipes K. B.
acriupanT kadenpsl xumuu Kypckoro rocy1apcTBeHHOTO YHUBEPCUTETA,
Poccus, r. Kypck

Jlo3unckaa E. .
TO1eHT Kadeapsl XuMur Kypckoro rocy1apcTBEHHOTO YHUBEPCHUTETA,
KaHJ. XMM. HayK,
Poccus, r. Kypck

N3yuensl cocTaB M CTPOEHUE KOMIUIEKCHBIX COETMHEHUI TPOM3BOIHBIX METPOHHIA3071a C KaTH-
onamu 4d-meramios: NiZ*, Fe?* u Co®* B BozHo-sTaHONBHOM pacTBOpe. CTEXHOMETPHS PEaKIH KOM-
TUIEKCOOOPa30BaHUsl YCTAHOBIIEHA CHEKTPO(OTOMETPUUECKH METOJIOM MOJISIPHBIX OTHOUIEHUH, YCIOB-
HbIE KOHCTAHTBl YCTOMYMBOCTH KOMIUIEKCOB paccuuTaHbl MeronoMm Komapsa. [lo  nmaHHBIM
NK-crieKkTpocKonuy JIMraHoB U KOMIUIEKCOB ITOKa3aHO, YTO CAWTOM CBSI3bIBAaHMS C UCCIIEyeMbIMHU Ka-
THOHAMH MO>KHO CUMTATh a30T MATHWICHHOTO IMKJIa METPOHUA30JIbHOTO ()parMeHTa COeJMHEHUH.

Knrouesvie cnosa: TpoW3BOAHBIE METPOHUA30JIa, KOMILJIEKCOOOpa30BaHWE C KAaTHOHAMU
OMOMETAIIOB.

B mocnenHre HECKONBKO MECATUIICTHI aKTUBHO Pa3BUBACTCS HAIPABJICHHUE W C-
cleoBaHMA B 00JacTH (apMaleBTUYECKOH XUMHUHU, KOCMETOJIOTHMH M MEIAMIIMHBI,
CBSI3aHHOE C TIOMCKOM HOBBIX KOMIUICKCHBIX COSTUHEHUH TeTEPOIUKINICCKUX Opra-
HUYECKUX JIMTAHI0B C KATHOHAMU Fe2+, I\/In2+, Ni2+, C02+, Cu2+, 00J1a1af0IIIMMHU BBICO-
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KOW OMOJOTHYECKON aKTUBHOCTHIO [7, €. 16]. [l TaKMX METAITIOKOMILIEKCOB XapakK-
TEPHO TPOSIBIICHUE 00Jiee BBIPAKCHHBIX aHTUMHKPOOHBIX M aHTUBUPYCHBIX CBOMCTB,
YeM Y UCXOJHBIX JINTAH/I0B, OJIarogapsi COYCTAHUIO ¥ B3aHMHOMY YCHJICHHIO B OJTHOM
TaKOM BEIIECTBE PA3JIMYHBIX BUJOB aKTUBHOCTH [6, C. 54].

B Hacrosiiee Bpemsi IS JICUCHUS Pa3IMUHBIX OaKTepUaIbHBIX HHPEKIUN U B
Ka4eCcTBE MPOTHUBOMPOTO30HHOTO areHTa IMUPOKO HCTOIB3YyeTCS METPOHUIA300 —
1-(b-okcUATHI )-2-MEeTHII-5-HUTPOUMHU1a30)I, KOTOPBI MMEET B CBOEM COCTaBE J0-
HOPHBI aTOM a30Ta M JIETKO BCTYMAET B PEAKIMH KOMILIEKCOOOpa30BaHUS C Iepe-
XOIHBIMU METaIUTaMHU. VI3BECTHBI €ro KOOPAHHALHOHHBIE COCINHEHNS ¢ HoHamu Fe’*
u Ni** cocrasa Me:L=1:2, obmanaromue 0ojiee BRICOKOH aKTHBHOCTBIO B OTHOIIICHHUU
Candida tropicalis, wem nuranpn [5, c. 1].

[ToaToMy, MOXHO TPEIINOJIOKUTh, YTO M IMPOU3BOJIHBIC MeTpoHMmazona [1]:
(2 — (5-auTpO-1H-mMuaazon-1-mn) Tt 2 — (9-tnookcoakpuauu-10 (9H) — wi) ame-
taT (L;), 2-meTokcu-N-(2 — (2-metmin-5-aurpo-1H-umunazon-1-wm) atun) akpuanH-9-
amuH (L,), 2 — (2-metun-5-autpo-1H-umuazon-1-un) stun-2-((4 — (2 — (2-metnin-5-
HUTPO-1H-umumazon-1-mn) sroxcu) kapooumi) Gpernn) amunao) o6ensoat (L3), 2 — (2-
MeTHI-5-auTpo-1H-umunazon-1-wn) stun 2 — (3 — ((2 — (2-meTwn-5-aurpo-1H-
umuazon-1-mn) srokcu) kapOonma) ¢enwsn) amuH) Oenzoat (L4), 2-(2-metwi-5-
HUTpOo-1H-umunazon-1-mn)stun-(9-akpunon-10-un)amerar (Ls) ydacTBylOT B peak-
MM KOMILJIEKCOOOpA30BaHMs C KaTHOHAMHM METAJJIOB, a 00pasyromuecs: KOOpAruHa-
IIMOHHBIC COSAMHEHUS 001a0aI0T BEICOKOW OMOJIOTHIECKON aKTHBHOCTHIO.

TepMmoauHaMuYecKre KOHCTAHTHI ACTPOTOHU3AIIMN TTPOU3BOAHBIX METPOHHUIA-
3071a Jiexxat B auanasone pK 1,77-2,02 (tabmuma 1) [3].

Tabmuma 1
KoHcTaHThI 1eNPOTOHM3ALMH POU3BOAHBIX MeTpoHHna30Ja, P=0,95, n=3
JIurann K, pK1 K> pK>
L, 0,13+0,05 0,86+0,09 1,0010%+0,35*10% | 2,00+0,13
L, 9,64*10° + 1,77*107 1,25+0,13 1,66*107%+0,29*10 1,7740,15
L 1,91%10% + 0,36*10° 1,72 + 0,08 9,50*107°+0,25*10° 2,02+0,02
L, 2,48*107 +0,17%10° 1,60 + 0,03 1,20%107%£0,12*10 1,88+0,05
Ls - - 1,00%102+0,25*10% | 2,00+0,09

Kommnekcoobpa3oBanre MpOM3BOIHBIX METPOHHUIA30J1a C KaTMOHAMHU MeTall-
JIOB IPOUCXOJUT B BOJHO-3TaHOJbHOM pactBopoe nipu pH 3,5-7,5. B aTom nuanazone
aTOM a30Ta METPOHMJIA30JIbHOTO ()parMeHTa COeAMHEHUs IEPOTOHUPOBAH, 3TO MO3-
BOJISIET MPEIOJIOAKUTh €r0 y4acTue B KOMILIEKCOOOpa30BaHUU.

KoopaunaiinoHHble COEMHEHMS] TTPOU3BOIHBIX METPOHMAA30J1a C KaTMOHAMH
Fe2+, Ni2+, Co* noJiydaju B 9TOM jauanazone pH u3 BOAHO-3TaHOJIBHBIX PacCTBOPOB
COOTBETCTBYIOIIMX coyiel u nurangoB. HaBecku xmopunoB koOanbta (II), HUTpara
nukens (1) u cynedara xenesa (1) kBanubukanum «4.;1.a», a TakKKe JTUTAHIOB pac-
TBOPSUTM B ATHJIOBOM CIUPTE HA TEIUION BOJASHOW OaHe. 3aTeM MpH MOCTOSHHOM Tie-
pEMEIINBAaHUY MPUIUBAIN PACTBOP COJIM B 3TAHOJbHBINA PAcTBOP JIMTAH/Aa B MOJIBHOM
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cootHomiennu 1:1, a mna L, ¢ comsimu xeneza(ll) m nuxens(Il) B cooTHoueHun
Me:L=1:2, u octaBisiu Ha 5 4acoB MpU KOMHATHOM TeMIiepaType. 3aTeM OTTOHSUIU
STWIOBBIM CIUPT U3 PACTBOPA KOMIUJIEKCHOM COJIM, a 00pa3oBaBIIMECs] HEPACTBOPU-
Mbl€ KOMIUIEKChI OT(QUIBTPOBBIBAIM O] BAKYYMOM, IIPOMBIBAJIM 3TAHOJIOM IS yaa-
JIEHWS HE BCTYNHBUIMX B PEAKLMIO METAUIOB U JIMTAH/IA, & 3aTEM BBICYILIMBAJIH B CY-
mIsHOM 1kady mpu 60°C.

Mertonom MK-ciekTpoCKONnnM yTaHOBIJIEH KOOPAUHALMOHHBIN y3€] KOMIUIEKC-
HBIX coenuuenuit. CriekTpsl Ls 1 ero xommiekca ¢ noHamu Co’’ mpeacTaBieHsl Ha
prcyHKe 1, a creKTp Ls 1 ero KoMiuiekca ¢ nonamu Fe’* na pucynxe 2.

NK-criekTpbl TUraHA0B U UX KOMIUIEKCOB MMEIOT CXOJHBIA XapakTep, YyTo J10-
Ka3bIBAET MPUCYTCTBUE JIMTAHJA B MOJIEKYJIAX KOOPAUHALMOHHBIX coequHeHnil. Tak-
xe B HMK-cnekTpax KOMIUJIEKCOB IO CPaBHEHHUIO CO CIEKTPAMH BCEX JIMTAHIOB
HAOIIOACTCS H3MEHEHNe XapakTepa moriomenus B oonactu 1180-1300 cm™, a s
KOMILIEKCHBIX coequHeHni Lz u Ly ¢ d-MeTauiaMu MosiBJIEHHE HOBOM IMOJIOCHI MPH
1627 cm™. Bee 9T0 MO3BOMSIET HPEAIIONOKHTD, YTO JTUTAHIHBIM ATOMOM BBICTYIIACT
a30T MATUWICHHOTO IUKJIa METPOHUIA30JLHOTO (hparMeHTa coequHeHuil. B pe3yib-
Tate L3 1 Ly B KOMIUJIEKCHBIX COCTUHEHUSAX BENyT ce0sl KaKk OWJICEHTATHbBIC JINTAH/IbI, a
ocTajlbHbIle Kak MoHonaeHTaTHbIE. Iloimoca B oOmactu 3431-3436 et JIOKa3EIBaeT
HaJIMYue B CTPYKTYPE KOMIUIEKCHOTO COEAMHEHUS KPUCTATUTM3AIIMOHHOM BOJIBI.

Mornoweng
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T T T T T T T
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Puc. 1. UK-criextp (KBr) Ls (1) 1 ero komimiekca ¢ ko6anstoM (2): Ar-C=0 — 1630 cm™; -C=C-(ar)
— 1400 — 1500, 7cm™; C—H — 3125 — 3075 cm™, 2980 — 2849 em™ ; C=0Oohups — 1630 em™ ; C=C,
C=N 1611, 1597, 1581, 1495, 1460 cm™; NO,— 1526 cm™ ; C-(ar) —=N- 1180 em™ [4, ¢.21-36]

MoJbHBIE OTHOIICHUST METAJUI-JINTaH]] B COCTaBe KOMIUIeKcoB ¢ nonamu Fe (1),
Ni(Il), Co(Il) B BogHO-3TaHOJIBHOM pactBope (9:1), a Takxke HEKOTOpbIe (HU3UKO-
XUMUYECKUE XaPAKTEPUCTUKU OOPa3YIOIIUXCS COSAMHEHUI ONpeAessuid CreKTpogdo-
TOMETPUYECKH METOJOM MOJIIPHBIX OTHOIIEHHMH (MO KPUBOM «HACBIILIEHUS») MO W3-
BECTHBIM MeToaukaMm [2, ¢. 214-216]. OnTHYecKyro IIOTHOCTh PACTBOPOB JIMTAHIOB
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1 METAJUTOKOMIUIEKCOB B BOJIHO-ITAaHOJBLHOM PACTBOPE M3MEPSUIH Ha CHEKTPodoTo-
merpe UV — 1800 SHIMADZU B nuamazone ainuH BoH 200-400 HM ¢ TOYHOCTBIO
+ (0,5 HM ¢ HCIIOJIb30BAaHHEM CTAHIAPTHOW KBAPIICBON KIOBETHI C TOJIIIMHON CBETOIIO-
rJiomaromiero ciaos 10 mMm.
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: Ll

: | gyl .
T ! M‘W‘\

3500 3000 2500 2000 1500 1000 500

YacToTa

Puc.2. UK-crextp (KBr) Lz (1) 1 ero xomiexca ¢ xenesom (2): Ar-COO-R — 1726,8 cm™; -C=C-
(ar) — 1427, 1454, 1463cm™; C—H — 3431cm™ ; C=C — 1460 cm™ ; NO,— 1529,5 cm™ ; C-(ar) —N-
1261 cm™t; C=N -1627 cm™ [4, c. 36 — 69]

Xapaktrep UV-CIeKTpOB KOMITJICKCHBIX COCIMHCHHWHA C KaTHOHAMH METAJUIOB
aHAJIOTHYCH CIIEKTPaM MPOU3BOIHBIX METPOHMIa30J1a, HAOIOMaeTCs JUIIh TUIICPX-
POMHBIN WJTA TUTIOXPOMHBIN 3((PEKT B CrIEKTpax MOTJIOMECHUS METANTIOKOMIIIICKCOB B
nuana3zone JuH BoJH 250-300 M. CrieKTphl MOIJIONMIEHUS BOAHO-3TaHOJIBHBIX pac-
tBopoB L3 u L3 B npucyrcrBun nonos Fe®* (C=5%10" mons/am°) mpu pH 4,06 mpex-
CTaBJICHbI HAa PUCYHKE 3.

0,00

0,300 -

0,200 -

0,100

0,000 = : =
200,00 250,00 200,00 250,00 400,00

AOnuHa BonHel, HM

Puc. 3. CriekTpsl NOTIOLIEHHS BOJHO-3TaHOJIBHBIX pacTBOpoB L3 (1) u L3
B [IPUCYTCTBUU UOHOB Fe?* (2) (C=5*10" M0HL/J:[M3) npu pH 4,06
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Ha pucynkax 4-5 mpenctaBieHpl KpUBBIE HACHIIICHUSI TIPH MMOCTOSIHHOW KOH-
IIEHTPAIIMH JIMTaH/1a ¥ MIePEMEHHON KOHIICHTPAIIMU METAJUIOB TSI KOMIUIEKCHBIX CO-
equHeHui nuraHaoB L; u L, ¢ monamu Fe(Il) m Ni(Il). Touka u3noma Ha KPUBBIX
HACBIIICHUSI OTBEYAET OTHOIIEHUIO CTEXHMOMETPHUYECKUX KOA(P(UIIMEHTOB, KOTOpPOE
pPaBHO OTHOIICHHWIO KOHIIGHTPAIMHA PEarupyronux KOMIIOHEHTOB B aOCIIUCCE TOYKH
OKBUBAJICHTHOCTH. TakuM 00pa3oM, COCTaB KOOPAWHAIIMOHHBIX COCAMHCHUN JIUTAaH-
noB L4, L3-Ls ¢ nonamu FeZ+, Ni2+, Co?*~ Me: L=1:1, a s L, ¢ nonamu Fe?* u Ni%* —
1:2, ¢ Co** takxe 1:1 .

0.4 y = -0,0002x + 0,3937
0,395 -

0,39 A
0,385 -
A 0,38 A

y = 0,1325x + 0,3228

R? = 0,9427
0,375 -

0,37 -
0,365 -

0,36 T T T T T 1
0 0,5 1 1,5 2 2,5 3

C(Fe(Il))/C(L)

Puc.4. KpuBas naceiienus s komriekca Ly ¢ nonamu xenesa (I1):
koHuenTpamus Ly 3*107 moms/av® ipn A=275 Hm

0,64 -

0,62 o

0,6
y=-0,002x+ 0,619

A 0,58 1 y=0,0988x + 0,5329

R?=0,9066
0,56

0,54 4

0,52 T T T T T T 1

C(Ni)/C(L)

Puc.5. Kpusas naceienus st komruiekca Ly ¢ nonamu auxens (11):
KOHIIeHTpauus Lq 3*10° MOJ'IL/,Z[M3 pu A=275 HM

CrnesoBaTeNnbHO, ypaBHEHHE peaKLUM KOMILIEKCOOOPa30BAHMS JIUTaHI0B L,
Ls-Ls ¢ momamu Fe*, Ni**, Co** umeer Bux:
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Me*+L < [MeL]*".

A s L, ¢ nonamu Fe?* u Ni**:

Me*+2L <> [MeL,]**

Metonom Komaps [2, ¢. 216-230] OblIM YCTaHOBJIEHBI YCIOBHBIE KOHCTAHTHI
YCTOMYMBOCTH KaXJ0r0 KOOPJAWHAIIMOHHOTO coeluHeHus (tabmuua 2). g sToro
NPUTOTOBWJIM PSIJI PACTBOPOB CO CTEXMOMETPUYECKMM OTHOIIEHHEM pPearupyrommx
koMroHeHToB C(L)/C(Me)=n u usmepsuii ONTHYECKUE TUIOTHOCTH MOJTYYEHHBIX pac-
TBOPOB IPH 33J1aHHOM JyIMHE BOJIHBI (puc.6). [loayyeHHble 3HaU€HHs YCIIOBHBIX KOH-
CTaHT YCTOMYMBOCTH COOTBETCTBYIOT psiny MpBunra-Buibsmca.

1,000

o200

[mji=1uln]

A
A\

[e]
[}

la
2=
3 a
1 e
Ca

[mjmluin]
200,00

[Mlali Wl

Puc.6. CiexTpsl moriomeHusi KOMIUIEKCHOTO coequHenus LS ¢ nonamu Fe2+: 1 — C=2,5*10-5
Mo/ oM3; 2 — C=1,25*10-5 mons/ am3; 3 — C=8,35*10-6 mons/ nm3; 4 — C=6,3*10-6 monbs/ nM3; 5
— C=5%*10-6 monn/ M3

Tabmumna 2

Yc/i0BHBIE KOHCTAHTHI YCTOWYMBOCTH JJ1s1 KOMILTEKCHBIX coennnenuii P=0,95, n=6

MO%ZI;};KIIE;M B’ kommekcos ¢ monamu Co®* | B’ kommnekcos ¢ monamu Fe?* | B’ kommiexcos ¢ nonamu NiZ*
MeL, 1,69+0,89%10° 1,57+0,34*10° 1,70+0,64*10°
MeL, (Me(L,),) 3,06+1,81%10° 2,47+0,90*10° 4,19+1,89*10°
Mel, 2,08+0,19%10° 1,82+0,14*10° 2,20+0,71*10°
MeL, 1,20+0,31*10° 2,50+0,50%10* 1,28+0,43*10°
MeLs 9,20+0,4*10* 3,10£0,2%10% 9,80+0,4*10%

Takum 00pa3oM, MPOU3BOIHBIC METPOHHUA30JIa ¢ KaTHOHaMU 4d-MeTasioB:
Ni?*, Fe?" u Co®" B BOXHO-3TaHOIBHOM PAcTBOPE 00Pa3yeT KOMIUICKCHBIC COCIHHCHIIS
coctaBa Me(Il):murann = 1:1 u 1:2. CtrexuomeTpus peakiiuu KOMIUIEKCOOOpa30BaHuUs
YCTaHOBJICHA CIIEKTPO(POTOMETPUYESCKH METOJIOM MOJISIPHBIX OTHOIICHHM, YCIOBHBIC
KOHCTaHThI YCTOMYMBOCTH KOMILIEKCOB paccuutanbl MetogoM Komaps. ITo maHHBIM
NK-CeKTpOCKOIUY JIMTaHIOB U KOMIUIEKCOB MOKA3aHO, YTO CAaWTOM CBSI3bIBAHUS C
UCCIICyEMbIMU KaTHOHAMH MOXHO CYHTATh a30T MATHYWICHHOTO IMKJIA METPOHH/IA-
30JIbHOTO (hparMeHTa COCAMHEHUSI.
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MN3YYEHUE KUHETUKHA COPBLIUU UOHOB ME/IM (II)
INPUPOAHBIMU COPBEHTAMMA

Jlo3unckasa E. .
JO1EeHT Kadeapsl XuMuH KypcKkoro rocy1apcTBEHHOTO YHUBEPCHUTETA
KaHJ. XMM. HayK,
Poccus, r. Kypck

Mumpaxoea T.H.
acnupadT kadeapsl XuMuu Kypckoro rocy1apcTBEHHOIO YHUBEPCUTETA,
Poccus, r. Kypck

[Ipn u3ydyenun xuHeTHKU copOuuu noHoB menu (ll) mpuponHbIMH copOeHTaMu: OIMOKOI
meprenem U TopgpoM. ITokazaHo, 4to mporece copou UAET B CMEIAHHOAU(PPY3NOHHOM PEXUME,
OTIpe/IeNeH bl BKIaX B OBIIyI0 CKOPOCTH TPOILECCAa BHOCHT M CTamus B3ammoneiicTus Cu”* ¢
(GYHKIMOHATIBHBIMH IPYIIIaMU COPOESHTA.

Knrouesvie cnosa: noHbI MeId, KUHETUKA COPOIIMH, OTIOKA, MEPTENb, TOPQ.

B HACTOAIICC BPEMS 3HAYUTCIIbHOC BHUMAHUC YACIICTCA UCCICIOBAHUTO COp6-
IIMOHHBIX CBOMCTB MECTHBIX IMPUPOJHBIX MATCPHUATIOB, KOTOPBIC MOKHO HCIIOJIb30BATh
AJIs1 OYUCTKHM I'a30B W BOA Pa3JIMYHOIO IIPOUCXOXKIACHUA. HepCl'IeKTI/IBHI)IM ABIIACTCA
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NPUMEHEHHE MPHUPOJHBIX MaTEpPHAJIOB AJSi COPOIIMOHHON JAOOYMCTKU CTOYHBIX BOJ
raIbBAHHYECKHUX TIPOM3BOACTB OT KatnoHoB CU?* [2]. M3ydeHne KMHETHKH COPOLHH
MMEET BaXKHOE MPAKTUYECKOE M TEOPETUUYECKOE 3HAYEHHE, TaK KaK IMO3BOJISIET yCTa-
HOBUTH BpEMS JTOCTHKEHUSI PAaBHOBECHS, MAKCUMAJIbHYIO pabouyro EMKOCTh U MeXa-
HU3M TpoTeKaHus copOuuu. B gaHHO paboTe mpHUBEACHO HCCIEIOBAaHUE KUHETHUKU
copbOuuu nonoB Menu (1) MaTepranamu eCTECTBEHHOTO MPOUCXOXKICHUS: MEpreyeM,
OTIOKOM 1 TOp(oM.

Meprenb U onoka OTHOCATCS K IEOIHTCOAEpKalieMy Chipbio. Topd — momu-
JUCIIEPCHAS] MHOTOKOMITOHEHTHAs! CUCTEMA, BKIIKOYAIOLIAsl OPraHUYECKYIO YacTh, Bia-
ry, MUHepajbHble ipuMecH. VccneayeMbie cOpOEHTHI MTpeIBApUTENBHO U3MENbUATH U
HCITOJTB30BAJIHM (PPAKITUIO ¢ pa3zMepoM 3&peH 1-2 mm.

Kunernky copOuuM u3ydaldi METOJAOM OrpaHUYeHHOro oobéma. Jljig sToro B
npobupky nomenianu 0,01 r copbenra u 10 cm® HCCIIEYEMOTO pAacTBOpa C OMNTH-
MalbHEIM 3HadeHnem pH u komrenrtpammeii Menn 1mkr/cm®. TTodydeHHYIO CMeCh
TIIATEIBHO MEPEMEIIMBAIIA U BbIJICpKUBaIU B Teuenue 1, 3, 5, 7, 10, 20 munyt. Ilo-
CJie 4ero ObICTPO OT(UIBTPOBBIBAINA COAEPKUMOE KaXJA0W MPpOOUpPKH uepe3 GuiIbTp
«Oenast neHTa» Ha BOpoHKe broxHepa, mpumeHss konOy byH3eHa um BoxoCTpyHHBIN
Hacoc. Copepxanue Meau B (QuibTpare  ONpPENEsUId  AKCTPaKIMOHHO-
dboToMeTpUYECKN AMATUIIUTHOKAapOaMaTOM CBUHLA. [ pa3pylieHuss KOMIUIEKCOB
Meau K (UIbTpaTy, NOJYy4YEHHOMY Iocie copouuu Ha Ttopde, nodasmsum 20-30 mMr
nepcyibdara ammonus u 0,3 cm’® KOHILICHTPUPOBAHHOMN COJITHOW KHUCJIOTBI, paCTBOPBI
KUISITWIN B TeueHue 5-7 MuHyT. 110 pazHuie Macchl MeIM B UCXOJHOM PACTBOPE U
pacTBOpe Mocie copOLMH HAXOAWIM KOJIMYECTBO MEIH, MEPEXOIsIIEee 3a BPEMsI IKC-
no3uuuu B (pa3zy copbeHTa. MHTErpaibHble KWHETUYECKHE KPHUBBIE COpPOLIMU MOHOB
Menu (1) npusenens Ha pucynke 1.

0,014 -
0,012
_ 0,01
~N
£ 0,008 —1
s —-2
i 0,006 X
0,004
0,002
0 T T T T 1
0 5 10 15 20 25

Bpems, MUH

2+,
Puc. 1. UnTerpanbHble KHHETHYECKHUE KpUBbIe copOIMu noHos Cu” '
1 — onoka, 2 — meprenb, 3 — Topd
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MakcuMalibHasi CTeNeHb U3BJICUECHUS JOCTUTAETCS 32 7 MUHYT IIPU MacCOBOM
cooTHomeHu” pactBop: copoeHT 1000:1, 3T0 BpeMss MOKHO CUMTATh BPEMEHEM yCTa-
HOBJICHUS] COPOIIMOHHOTO PABHOBECHUSI B CUCTEME PACTBOP — COPOEHT.

CopOuus Cu* npoTekaeT B cMemanHoauddy3nonHom pexkume. M3BectHo [3],
4TO JJ1s1 BHEMIHEIU(PPY3NOHHBIX MPOIIECCOB KMHETUYECKAsi KpUBasi TOJKHA OBITh JIU-
HCHHOM, eciin npecTaBuTh e€ B koopaunatax -In (1-F) —t, rue t — Bpems, mun; F —
CTETIeHb JOCTIIKEHHS pABHOBECHS B CUCTEME, paccuuThiBaeMas kak F=AJ/A,, rae A, —
KOJIMYECTBO COPOUPOBAHHOTO BEIIECTBA B MOMEHT BpeMeHH {, MMOJIb/T, A, — KoHue-
CTBO COpOMPOBAHHOTO BEILIECTBA B COCTOSHMHM paBHOBecHs, MMOJb/T. Ha pucynke 2
BUJTHO, YTO JIJISl BCEX MCCIEAYEMBIX COpPOSHTOB MPSMOJIMHEHHASI 3aBUCUMOCTh B KO-
opaunarax -In (1-F) — t HaGmromaercs TOJMBKO Ha HAaYaJIbHOM 3Tale copOmuu. ITo
CBUJIETEIBCTBYET O TOM, YTO BHa4Yaje COPOLMOHHBIN MPOIECC MPOTEKAET IO BHEUIHE-
1 Ppy3MOHHOMY MEXaHU3MY, a [0 MEpe €ro NPOTEeKaHUs BIUSHUE BHEIIHEAUDPy3Hu-
OHHOTO (paKTOpa MajaeT, B BHyTpuaudpysnonHoro, Haobopor, Bo3pacraer [1].

45 -
4 .
3,5 -
3 .
—_ ——1
5 25
La] -2
£ 2
1,5 - A3
1 .
05 -
0 T T 1
0 5 10 15

t, MuH

Puc. 2. 3aBucumocts -In (1-F) oT BpemeHu 17151 COpOLIMU HOHOB Cu®*:
1 — omoka, 2 — meprenb, 3 — Topd

JIist ycTaHOBIIEHUS BKJIaJla XUMUYECKOM pEaKIMU B MPOLECC COPOLMH DKCIIe-
pUMEHTaJbHBIE JIaHHbIE OBLIM aNMpPOKCUMHUPOBAHBI B MOJEINSX ICEBIO-TIEPBOTO U
NICEeBJI0-BTOPOTo nopsnaka (tabmuua 1). JIunelinbie GopMbl 3TUX MOJENEH MpeacTaB-
JeHbl ypaBHeHUsIMH (1) 1 (2) COOTBETCTBEHHO.

In(Ae — A) = In Ae — ki *t (1)

t 1 1 (2)

*

:ﬁ-l__
At k2 Ae Ae

rae A, 1 Ay — KOJTUYECTBO COPOUPOBAHHOTO METaJIa Ha €IMHUIY MacChl COpOCHTA B
COCTOSTHUM PaBHOBECHS W B MOMEHT BpeMeHH t, MMOJIb/T; K; — KOHCTaHTa CKOPOCTH
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COpOLMH MOJEIHN IICEBAO-TIEPBOrO MOPSAKA, MUH —; K, — KOHCTAaHTa CKOPOCTH COPO-
I MOJCIIN IICCBAO-BTOPOI'O IIOPAAKA, /MMOJIb*MUH.

DKCNepUMEHTaNIbHbIE JJAHHBIE JIyYllle BCEro ammpoKCUMHUPYIOTCA B (opme
ypaBHEHMSI KHHETHUUECKOW KPHUBOW IICEBIIO-BTOPOTO mopsjka (2), ciaeaoBaTelbHO,
XUMHUYCCKOC B3aHMOHCﬁCTBHe TAKKEC OKaA3bIBACT BJIIWAHHUC Ha O6HIYIO CKOpPOCTH
Imponecca.

Tabmuma 1

Pe3yabTaTsl 00paboTKH MHTErPaJbHbIX KHHETHYECKUX KPUBBIX copouuu nonos meau (I1)
MO/JeJSIMM XUMHYECKOi KHHeTHKH

CopGent MO/IEJIb TICEBJIO-TIEPBOTO HOZp;I;[Ka MOJIEJIb TICEBJI0-BTOPOTO Hozpﬂmca
kg R K, R
OTIOKa 0.15 0.8835 12.56 0.9798
Mepreib 0.12 0.8347 68.03 0.9988
Topd 0.37 0.9610 75.87 0.9979

JIJTst OIIOKM KOHCTAHTA CKOPOCTH OcakaeHusi noHoB Cu’* i3 pacTBopa Hum3Kas,
YTO CBA3aHO, B NEPBYIO 04epelb, ¢ auddy3ueii, 00ycaoBIuBaromell MPOHUKHOBEHHE
copOUpyeMOro BellecTBa BriyOb CTPYKTYphl copOeHTa. Mepreinb uMmeeT 0ojiee BhICO-
KYIO0 KOHCTaHTY CKOPOCTH 3a CUET COAEPKaHUS B CBOCH CTPYKType KapOOHAT-MOHOB.
N3 wmccrnemyemMbix copOEHTOB TOp(d HMMEET caMyl0 BBICOKYIO KOHCTaHTY CKOPOCTH
OCXKJICHUS, YTO OOBSICHICTCS HAJTUYHEM B €T0 CTPYKTYpPE Pa3IMUHBIX (PyHKITHOHAIh-
HBIX TPYIII ¥ TIOJIMMOJICKYJIIPHBIX aCCOITUATOB.

Takum oOGpazom, niporecc copoimu noHoB meau (1) meprenem, omokoit u Top-
(oM JT0BOJIBHO CJIOXKEH, BKJIIOYAeT B ce0s Kak nud@y3uto, Tak U1 XUMHUYECKYIO CO-
CTaBJISIOILYIO.
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BJIUAHUE TO3NJIAT-AHUOHOB HA CKOPOCTb
I'MIPOKAPBOMETOKCHJIMPOBAHUSA HUKJIIOTEKCEHA*

Ceeocmusanoea H.T.

PYKOBOJIUTEIIb HAYYHO-TIPOU3BOICTBEHHOTO IIEHTPa « XUMPEaKTUBIUATHOCTUKAY
Tynbckoro rocy1apcTBEHHOTO Ienarorndyeckoro yuupepceutera uM. JI.H. Toncroro,
KaHJ. XUM. HayK, JIOLICHT,

Poccus, r. Tymna

bamawes C.A.

CTapIIMi HAyYHBIA COTPYIHUK HAYYHO-TIPOU3BOJACTBEHHOTO LIEHTPA
«XUMpEaKTUBINATHOCTHKA» TyIbCKOTO roCy1apCTBEHHOTO NEAArOTHYECKOT0
ynusepcuteTa uM. JI.H. Toncroro, kana. Xum. HayK, TOLIEHT,

Poccus, r. Tyna

Poouonosa A.C.

acripaHT KadeIpbl XUMUHU

TynbCKOTO rOCyAapCTBEHHOIO MEIarOri4eCcKoro YHUBEPCUTETA
uM. JI.H. Toncroro,

Poccus, r. Tyna

Beisiien Topmo3ssiiuit 3¢ ¢GexT To3WIaT-aHHOHOB Ha PeakIfio M'IpoKapOOMETOKCHINPOBA-
HUSl LMKJIOT€KCeHa, KaTalu3upyeMoWl CHCTeMOM aneraT namuiagus — Tpu@eHundochuH —
n-roayoscynspokuciora, npu [CH3OH] = 0,45 mone/n u yckopsitomee — mpu [CH3OH] =
0,3 monb/n. OboCHOBaHME NEHCTBUS aHMOHOB JJAHO B paMKax MPEJCTaBICHUNA O AUCCOLUATUBHOM
xapakTepe 00pa30BaHUs THIPUIHBIX KOMIUIEKCOB B CHJIBHO COJIBBATUPYIOIIEH peakIMOHHOM cpee.
VYckopstoniee JeiCTBUE MOHOB CBA3aHO C UX BHEAPEHUEM B KOOPAMHALMOHHYIO cepy mayianue-
BBIX KOMIIJIEKCOB.

Kniouesvie cnosa: runpokapbankokcuinpoBanue, okcua yriaepoaa (I1), mannaaueBbie kara-
JUTUYECKHE CHCTEMBI, IIUKJIOTEKCEH, TO3UIAaT-aHUOHBI, IT-TOIYOJICYIb()OKUCIOTA.

[MunpokapOaIKOKCHITMPOBAHNE AIKEHOB MO3BOJISIET MOTYYaTh CIOXKHBIC dUPHI
pa3zHOOOPa3HOrO CTPOEHHUS B OJHY CTaJHIO C BBICOKMM BBIXOJOM U3 JOCTYNHBIX U
JeneBbIX peareHToB. Hambomee »((peKTHBHBIMU KaTamu3aTopamMu 3THX PEaKIuid sB-
ast0Test pocPuHNAIIATUEBBIE KOMIUIEKCHI, POMOTHPOBaHHbIE opraHodochuramu u
CWJIBHBIMU MTPOTOHHBIMU KUCJIOTaMH, 00ECTICUNBAIOIINE BBICOKYIO CEJICKTUBHOCTh TIO
NPOJYKTY JIMHEMHOTO CTPOEHHUSI U MATKOCTh yCJIOBUM mpoiiecca. [Ipu atom cynbdo-
KHCTIOTHI, BBICTYIIAsl B KAUYECTBE TUAPUTHOTO MCTOYHUKA B TMpoliecce GOpMUPOBAHUS
aKTUBHBIX ()OPM KaTaiau3aTopa, MPUBOIAT K YCKOPEHUIO PEAKITHH.

" WccreroBanue BBITIONHEHO MPU (UHAHCOBON moiepxkke PODU B pamMkax HaydHOTO TPOEKTA
Ne 14-08-00535-a.
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BaxxubiMu (hakTopaMu JeHCTBUSA MOAOOHBIX KATAIUTUYECKUX CUCTEM SIBIISIIOTCS
CTpOCHHE BHYTPEHHEH KOOpAMHAIIMOHHOW cephl M MpHUpoJia aHMOHA BHEIIHEH ce-
pel  Pd-dbochunoBbix komriekcoB. C 1enbl0 BBISIBICHHS POJM aHUOHA TI-
toyosicynbhokuciorsl (TSOH) Ha cKOPOCTh THAPOKAPOOMETOKCHIUPOBAHUS ITHKIIO-
rekceHa, karanmusupyemoro cucremoir Pd(OAc), — PPh; — TsOH, Obutn mpoBe/icHBI
JIBE€ CEpUHM KMHETUYECKUX SKCIEPUMEHTOB MPU KOHIEHTpauusx meranona 0,3 u 0,45
MOJIb/JI ¢ BapbUPOBAHUEM KOHIIEHTPALIMM TO3UJIaTa HATpPHUsl, BBOJUMOIO B CUCTEMY B
KAaueCTBE MCTOYHMKA TO3MJIAT-aHUOHOB. KOHUEHTpaIMy OCTAJIbHBIX YYaCTHHKOB pe-
aKIMM, a TaK)Ke TeMIlepaTypa MOAJAECPKUBAIUCh HA NOCTOSHHOM YypoBHE. OIBITHI
IPOBOJWINCH B YCJIOBHUSIX pa30aBieHUs! PEAKIIMOHHONM MAacChl TOJNyOJIOM. MeToauKu
MIPOBEICHHS] KMHETHYECKUX HKCIIEPUMEHTOB M aHaiIM3a Mpod peakuUMOHHON MaccChl
METO/IOM r'a30-KHJIKOCTHON XpomaTtorpaduu mpeacTaBieHsl B padbore [1, c. 146].

Pe3ynbraTel 3KCIIEpUMEHTOB, MPEACTABICHHBIE KPUBBIMA | M 2 Ha PUCYHKE,
CBUETEIBCTBYIOT O YYBCTBUTEIBHOCTU peaKLMU K KOoHUeHTpauuu SO, npuuém xa-
paktep BhnusHUS SO Ha CKOPOCTh pEaKlMM 3aBUCUT OT KOHIICHTPAIMU CIHPTA.
TopMmossimiee nelicTBre Ha peaknuio To3unar-aHuoHoB npu [CH3;OH] = 0,45 momns/n
HAaBOJUT HA MBICIb, YTO B YCJIOBUSAX CHJIBHO COJIbBATHUPYIOLIEH PEAKLMOHHOW Cpefbl
MIPOUCXOIUT T€HEPUPOBAHUE THIPUAHBIX MHTEPMEIUATOB KaK B BHJI€ MOHHBIX Hap,
TaK U B BUJIE COJIbBAaTUPOBAHHBIX HOHOB X, U TSO™ 1o peakuuu

Pd(PPh3),(Sol), + TsOH + H,0 [HI?d(PPh3)2(H20)] + TsO™ + 280l
(X1 (X2)
rae SOl — MoJieKyJIbl pAaCTBOPUTEIST — TOJTYOJIa.

CMerieHre 3TOro paBHOBECHSI B CTOPOHY OOpaTHOW pEaKIMH TOJ IEeHCTBUEM
BBOJIMMOTO B cuctemMy [SONa npuBOIUT K MOJABICHUIO PEAKIIMUA U CHIXKEHUIO KOH-
[EHTPAIMU KOMIUIEKCca X, OTBETCTBEHHOTO 32 00pa30BaHUE IeJIEBOTO MPOAYKTa.

B obnactu 6onee nuskoit konnentpanuu CH3;OH (0,3 monw/n) naGmomaercs
oOpaTHbI 3G(HEKT — YCKOPEHHST Peakiud TUIPOKAPOOMETOKCUIUPOBAHUS C POCTOM
koHneHTpanuu TSONa. [To-BuanMomMy, B yCITOBUSX TOHMKEHHOW COBBATHPYIOIICH
CIIOCOOHOCTH PeakMOHHOM cpenbl B3aumoeicTBue X; ¢ TSOH no ykazanHo# peak-
MM MPUBOJUT K 0Opa30BAHMIO MHTEPMEIUATOB, coaepkammx HOHbI 1SO™ BO BHYT-
peHHel KoopauHAIMOHHOM cepe. CieacTBUEM TAKOTO U3MEHEHHS CTPYKTYPbl KOM-
TIEKCOB X SBIISETCS YCUIICHUE WX THIPHUIHOTO XapakTepa W MOBBIIMICHUE aKTUBHO-
CTH TIPH MOCJIEIYIOIEM B3aUMOJICHCTBUHU C MOJIEKYJIaMH PEareHTOB.
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I, 10°, Mous/(J1-MHH.)
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Puc. Biusaue konnenrpaiun TSONa Ha HavaIbHYI0 CKOPOCTh THAPOKAPOOMETOKCHIMPOBAHHSI
nukiaorekcena. T =378 K, Pco =2,1- 10° ITa; xonnentparmu, moib/i: [CgHio] = 0,10, [Pd(OAC),] =
1,0-10%, [PPhs] = 0,8-10, [TSOH] = 6,5-107%.

1 — Bimsiaue kounenTpauu 1SONa nmpu [CH30H] = 0,45 momns/it.
2 — Bnusiaue konuentpauuu TSONa npu [CH30H] = 0,30 momns/m.
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CEKIIUA 3. TEXHUYECKUE HAYKHU

3KBUBAJIEHTHBIE UCITIBITAHUSA HASEMHBIX ITY CKOBBIX
YCTPOUCTB C UCITOJIB3O0BAHUEM I'PY3A-MAKETA

Amoposcesuu A.B.

npogeccop kadeapsl PakeTHIX ABUraTesnel u YHEPreTUYECKUX YCTAaHOBOK
JIETaTENbHBIX anmnaparoB HanmoHanpHOro a3pOKOCMUYECKOTO YHUBEPCUTETA
M. H.E. XKykoBckoro «XapbKOBCKMI aBUaLlMOHHBIN HHCTUTYT,

J-p TEXH. HaYK,

YkpauHa, r. XapbKOB

Muczanun K.B.

mupextop OOO HayuyHo-npon3BoacTBeHHOUN dupmbl «PoTop,
KaH]l. TEXH. HayK,

Poccus, r. ToaparTtu

Cepeoa B.A.

no1eHT Kadeapsl PakeTHBIX ABUTATENEH U SHEPIeTUYECKUX YCTAHOBOK JIETATEIbHBIX
anmapatoB HammonaneHoro aspokocmuueckoro yausepeutera um. H.E. JKykoBckoro
«XapbKOBCKHUM aBUALIMOHHBIA UHCTUTYT),

KaHJ. TEXH. HaYK,

VYkpauna, r. XapbKoB

[IpencraBieH aHanu3 BIMSHUS a3pOJMHAMUYECKUX CBOWCTB 3aIlyCKaeMOro oObeKTa Ha Ia-
pamerpbl cTtapTa. OLEHEHbl OTIMYUS JAMHAMHYECKUX XapaKTePUCTUK HA3eMHBIX ITYCKOBBIX
YCTPOMCTB B IIPOIECCAaX METAHUs Tpy3a-MakKeTa M 3alycka OeCUIOTHOrO JETaTeIbHOrO anmapara ¢
BBICOKMM a3pOJMHAMUYECKHM KauecTBOM. [IpuBeneHbl pe3ynbTaThl YHCIEHHOTO HMCCIEI0BaHUS B
BU/JIE IIUKJIOTPAMM.

Knrouegvle cnosea: Ha3eMHOE IyCKOBOE YCTPOMCTB, PacIpeAcsICHHE TATOBOIO YCHIIUSA, pe-
I'PECCUBHBIN 3aKOH, Ipy3-MakeT, OECIUIOTHBIH JIeTaTeNIbHbIN anmapar.

Jns ucnpiTaHU Ha3eMHBIX MyCKOBBIX ycTpoiicTB (HITY) ¢ paznuunbiMu Tumna-
MU IIPUBOJIOB, KaK MPABUIIO, UCIIOJIB3YIOT Ipy3bl-MaKkeThl. ['py3-MakeT, obianas mac-
corabapUTHBIMU XapaKTepUCTUKaMU OecrnMIOTHOro jeraTesnbHoro ammapata (BJIA),
HE BOCIIPOMU3BOJIUT €r0 a3pOJMHAMHYECKHX CBOMCTB, YTO OOYCIIOBIMBAET PacXOKie-
HUE MEXIY MOJEIbHBIM U OPUTHMHAIBHBIM (PU3MUYECKUMHU Tpolieccamu. B yacTHoCTH,
B KauecTBE I'py3a-MakeTa MOXKET ObITh MCIOJIb30BAHA METAJIMYecKas TpyOa, 3amoJ-
HEHHas neckoM. lIpakTrueckoe OTCYyTCTBHME NMOJBEMHOW CHIIBI IIPU Pa3roHE Irpysa-
MakeTa BHOCUT MCKa)XeHHE B CHJIOBOW OanaHc pabodero mpoiiecca KaTamysbThbl, KO-
TOpOE HYXIAETCs B KOJUYECTBEHHOW OIIEHKE, HEOOXOIUMOM JUIsl BHIBOAA 3aKIIHOYe-
HUS O KOPPEKTHOCTU MOJI0OHOTO MOJEIBHOTO SKCIIEPUMEHTA.

3akoH pacnpenenienust taroporo ycuiuss HITY mo koopauHate, B3ATOW BIOJb
HaITpaBJISIOLIEH, OJHO3HAYHO ONpeaenseT AUHaMuky crtapta BJIA, npuyem Mmakcu-
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MaJibHas CKOpocTh cxona bJIA pocturaercst mpu noctosiHHOM Tsire npuBoja [1]. On-
Hako, Jis Jroboro tuna npuBoaa HITY (muporexHuyeckoro, mMHEBMAaTHYECKOTO, Me-
XaHUYECKOT0) XapakTepHa perpeccust TIrOBOTO YCHIIHSL.

Paznuuus B cunmoBom OanaHce cBoAATCS K clienyroniemy. Hopmanbhas (1o ot-
HOILICHHUIO K HaIpaBJISIIOLIEH) COCTABIIIONIAs CHIIbI, JEHCTBYIOIIEH HA TPy3-MaKeT, B
MPOLIECCE JIBUKEHUS OCTAETCS MOCTOSIHHOM. B oTimume ot 3T0ro, 1o Mepe pasroHa
BJIA mombemHas cuiia BO3pacTaeT, 4YTO NMPUBOJUT K Pa3rpy3Ke BEAYIIEH CUCTEMBI
HITY. Ilo mepe Habopa ckopoctu BJIA ero namBieHue Ha HAMPABISIONIYIO MOXKET
OBITh B 3HAUUTEIHHON MEpEe CKOMIIEHCUPOBAHO, YTO MPUBEJET K COOTBETCTBYIOIIEMY
CHIKEHHUIO CHJIBI COINPOTHUBJICHUS ABMKEHUIO. B pe3ynbraTe perpeccusi TSAroBOrO
YCUJIUS TaKKE€ KOMIIEHCUPYETCSI B IPSIMOM 3aBUCUMOCTH OT a3pPOJIMHAMUYECKOTO Ka-
yectBa bJIA u ckopocTe cxoaa Bo3pacraer. [loaTomy, mpu npoynx paBHBIX yCIOBUAX
(B mepBy10 oyepeab — BBUAY HE3HAUUTEIHHOTO BKJIaJla JIOOOBOTO COMPOTHUBIICHUS B
o01IMi cUTOBOM OallaHC), YMEHBIIICHUE PETPECCUU TSITU 3a CUET MOBBIIICHUS adpOIu-
HAMHYECKOT0 KauecTBa 3allyCKaeMOro OOBbEKTa MPUBOJUT K YBEJIUUYECHHUIO CKOPOCTH
cxoJa.

KonuyecTBenHas orieHka akropa adpoiIMHaMUYECKON pa3rpy3Ky BbIBE/ICHA 110
pe3yJibTaTaM YUCJIECHHOTO SKCIIEPUMEHTa Ha 0a3e KOMILUIEKCHOM ra30JuHaMUYE€CKON U
Mexannueckoit monenu HITY [2] B Buge HEOOXOIUMOrO psijla JUHAMUUECKUX XapakK-
TEPUCTHUK IpolEecca pa3roHa rpy3a-maketa u bJIA ¢ pa3nuyHbIMU a’poAuHaAMUYE-
CKMMH CBOMcTBaMu. [[1s1 mapameTpu3aiuu COOTBETCTBYIONIMX rpadukoB (puc. 1, 2)

_Y(o)

HCTIONBb3YeTCA adpoJMHAMUYeckoe KauecTBo BJIA: K(o) X(a)zconSt’ rue

Y(a) — mombemuas cuma, X(o